Random samples of the polymorphic isopod Sphaeroma rugicauda were collected from 10 brackish water areas in Anglesey, North Wales. The distance between any two areas is never more than 15 miles. The samples were taken over a period of 15 days.
INTRODUCTION
analysed the gene frequencies in 46 widely spaced British populations of Sphaeroma rugicauda (Leach), an estuarine isopod, polymorphic for body colour. Frequencies varied from one estuary to another and he concluded that the genes for Stripe, Red and Pattern showed geographical trends in frequency, which he attributed to natural selection.
Subsequent work by Bishop (1969) has shown that the Yellow and Red morphs undergo annual fluctuations in frequency, and Heath (1974) has also described seasonal fluctuations in the frequency of the Yellow morph. Differential survival at different temperatures was identified as the factor causing the fluctuations. West (1964) took samples from different localities at different times of the year and this procedure may have confused seasonal and geographical variation in frequency.
An additional complication, not considered by West (1964) , is that S. rugicauda occurs in a variety of habitats, and over a wide salinity range. It is found under stones in estuaries (Harvey, Jones and Naylor, 1973) , on estuarine salt marshes as described by West (1964) , Baig (1959) and Heath (1973) ; in temporary salt-marsh pools and also in more permanent areas of brackish water (Lejuez, 1966; Heath, in prep.) . It also occurs over a wide salinity range, 8%-4O% (Nicol, 1935) , 3%-32% (Baig, 1959) and O5%-3O% as described in this work. Any selection pressures on the colour morphs might be expected to vary within one estuary depending upon the position of the population within the estuary and the type of habitat.
Differences between morph frequencies in samples from different estuaries may reflect the fact that the samples came from different habitats rather than that there is an overall climatic difference between the estuaries. 99 D. J. HEATH The investigation described here set out to overcome these two problems by taking a series of samples over a short time span, from a number of brackish water habitats in a restricted geographical area. If major climatic factors (e.g. sea water temperatures) are important selective agents, then neighbouring estuaries should show similar frequencies. Ifmorph frequencies are affected by other factors which are more local, then samples from neighbouring estuaries may be expected to show divergent frequencies, unless the samples came from comparable habitats. In addition, morph frequencies might be expected to vary between samples taken from different habitats, within the same estuary.
2. METHODS S. rugicauda was found in ten brackish water systems on the island of Anglesey (North Wales). Seven of these systems lie on the west coast, over a distance of 15 miles; the others are on the east coast. The distance between the east and the west coast is never more than 15 miles so that overall climatic conditions are likely to be much the same.
A preliminary series of samples was taken in May and June 1974, and then a complete series of 20 samples was taken in October 1974, at the end of the breeding season. This latter set of samples was taken over a period of 15 days. Usually two or more samples were taken from each estuary. Most samples were collected by the method described by West (1964) and where other methods were used they are indicated in table 1.
The salinity of the water at the sampling site was measured with a portable salinity meter. Salinity was chosen for study in this initial survey since it is an important factor in the biology of the species, probably limiting its distribution within an estuary (Harvey, Jones and Naylor, 1973) and also affecting survival (Heath, 1975) and fecundity (Jansen, 1970) . The value given in table 1 usually represents the mean of two or three values, taken at high tide on different days. Fairly well defined zones of vegetation may occur on salt marshes (Green, 1968; Dalby, 1970; Packham and Liddle, 1970) , and general notes were made on the habitat and vegetation.
RESULTS
The locations of the sampling sites are shown in fig. I and the numbers of the various morphs in each sample are given in table 1, with the sample date and salinity. Figure 2 shows the frequencies of the Red, Yellow, Yellow-Red and Stripe morphs.
The morph Wine (West, 1964; Lejuez, 1966) was rare in these samples and often not clearly distinguishable from Red. It has consequently been scored as Red. The morph Black, similar to the type maculatum described by Lejuez (1966) (plate IX, 3), has not previously been studied in British populations. The morph Pattern was common in most samples but this phenotype is variable and difficult to score accurately. The morph Grey (West, 1964) , which is the most common type in British populations, has not been entered separately in table 1. The number of Grey can be obtained by subtracting from the sample size the totals for the morphs listed.
Composite phenotypes such as Red-Stripe, Yellow-Pattern, Yellow-RedBlack were usually rare (<0.1 per cent) except in the case of Yellow-Red. Morph frequencies for the six morphs under consideration are highly heterogeneous, when they are compared over the 20 samples (table 1) .
There are no clearly defined or significant trends in morph frequency, although Red does appear to be more common in more saline conditions (e.g. Inland Sea and Alaw 1). The overall correlation is not significant, = 0.3443, t = 1.556, d.f. 18, P = 0l-005 (Spearman's Rank Correlation, Snedecor and Cochran, 1971) . Samples B 1 and P1, in particular, have very low frequencies of Red, despite the high salinity. In estuaries from which two or more samples were taken there is evidence for heterogeneity in the frequency of Red, it being more common in the samples taken from nearer the sea (and hence more saline) (table 2).
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Stripe is generally present at a low frequency (<6 per cent) and is absent from both samples at Aberifraw (Abl and Ab2).
Yellow is also present at low frequencies (<6 per cent) and this agrees with the generally low frequency of this morph described by West (1964) .
The frequency of Yellow shows no apparent trends and data within individual estuaries are never heterogeneous.
The composite phenotype Yellow-Red is more common than expected in all localities and this again agrees with West's findings.
The frequencies of the morphs Black and Pattern show a great deal of variation and samples from the same estuary (e.g. Rl and R2; Bi, B2, B3 and B4) may have significantly different frequencies of these two morphs. Despite the lack of any significant trends in individual morph frequencies a more general trend emerges from fig. 2 . By chance, the localities in the centre of the graph have high salinities and there is an apparent tendency for populations in these localities to have higher morph frequencies of all morphs. In fig. 3 an Index of Polymorphism, I (Greenwood, 1974) , is plotted against the salinity. This suggests that populations may be more polymorphic at intermediate salinities but further work would be required to substantiate this. 4. Discussioi. West (1964) considered that sea water temperature might affect fitness in the morphs Pattern, Red and Stripe and hence affect the geographical distribution of these morphs. Pattern was less common in peninsula populations in south-west England and Wales, whilst Stripe and Red were more common. Red and Stripe were also more common on the Isle of Man than in the mainland population (Dee) at the same latitude, again suggesting that temperature was important.
Although sea water temperatures around Anglesey (obtained from the Marine Station, Menai Bridge, Anglesey) do not differ by more than about 1°C, the frequency of Red varies from 2 per cent to 18 per cent. If sea water temperature were the selective agent, then according to West's hypothesis, Stripe should also be common, yet the frequency of Stripe (6 per cent) is much lower on Anglesey than on the peninsulas described by West (1964) where both Red and Stripe were common. In addition, the frequency of Pattern shows as much variation in populations on Anglesey as over the whole of the south-west of Britain and also shows significant variation within one estuary (table 2) . Neither is Pattern necessarily rare when Red is common as West's hypothesis would predict.
However, sea water temperatures do not provide a reliable guide to the temperature of the water on an estuarine salt marsh. Estuarine water temperatures are governed to a greater extent by air temperatures and the topography of the estuary. In broad shallow estuaries the large expanses of mud which are exposed at low tide may become heated by the sun or cooled by low air temperatures and evaporation. The temperature of inflowing tidal water may be considerably modified by contact with this mud. The temperature of the water on an estuarine marsh in Scotland could be as much as 9°C higher than sea water in summer and 10°C lower in winter (Heath, 1975) . This difference is large compared to the difference between sea water temperatures due to geographical location which amounts to 3-4°C between the north-east and the south-west of Britain (Lumb, 1961) . Even over a limited geographical range estuarine water temperatures may differ because of differences in estuarine topography, which may even cause temperature differences within one estuary.
Consequently, there could be sufficient temperature differences over a restricted geographical range to cause frequency variation in morphs which were influenced by temperature. Even so, a simple hypothesis of the effect of temperature on Stripe, Red and Pattern as proposed by West (1964) cannot explain the frequencies of these morphs observed on Anglesey. Interactions between temperature and other factors could perhaps provide a more plausible explanation for the observed variation in frequency. The fact that populations in these estuaries have such different frequencies therefore suggests that local, small-scale factors acting singly or together, are more important than gross climatic factors in determining gene frequencies. A more detailed survey of populations in two of the estuarine systems is being undertaken to investigate the action of local factors on gene frequencies.
Although the matter was not systematically investigated in this study, it was apparent that the sampling sites differed in their vegetation and other general characteristics. For instance, Ri was a depressed, poorly drained area, with predominantly Puccinellia maritima (Huds.); IS1 was well drained with Juncus maritima (Lam.); B2 was well drained with Puccinellia and general salt marsh vegetation. These general differences in vegetation are a consequence of the position of the site in the estuary which affects the salinity encountered, and also of local topographic features, such as lack of drainage, height above sea level and the occurrence of fresh-water seepage. The occurrence of different plant species and communities signifies local differences in habitat, since the different species have different requirements (Green, 1968; Packham and Liddle, 1970; Dalby, 1970) . Many of these factors may be relevant to the ecology of S. rugicauda. In addition, the plants may create different microhabitats by their growth forms. It is therefore likely that within one estuary there may be a number of different habitats in which S. rugicauda occurs, and that these habitats are charactensed by different environmental conditions. Any selective forces on the colour morphs may be different in these different habitats. Hoestlandt (1954, 1955) has shown that, in the related marine species S. serratum (Fab.), certain types of shore are characterised by populations with high frequencies of certain morphs over a wide geographical range. This suggests that local environmental differences are more important than larger climatic differences in determining the frequencies of some morphs of S. serratum.
On the basis of the salinity data and a purely subjective assessment of the habitat, the only two sample sites which are similar are P2 and B I.
Both are well drained with Puccinellia maritima and other general salt-marsh plants (see Green, 1968) There is some evidence from fig. 3 that populations at extreme salinities are less polymorphic than populations at intermediate salinities. This would parallel the reduction in polymorphism which has been observed in populations at the edge of the range of the species; in Drosophila (da Cunha, Burla and Dobzhansky, 1950; Carson, 1955; Carson, 1958) and in S. serratum (Hoestlandt and Teissier, 1952; Hoestlandt, 1954) .
The optimum salinity for S. rugicauda, assessed by the effect of salinity on growth, survival and reproduction is given as 1 2-30% (Baig, 1959 ) and l5-30% (Jansen, 1970) . Harvey, Jones and Naylor (1973) , on the basis of the rate of pleopod beating put the optimum salinity for the species at 3% but they did not investigate any intermediate salinities between 3%o and 35% so that the optimum salinity may in fact be higher than 3%.
Thus there is some indication that populations are more polymorphic in intermediate salinities which may be favourable to the species. Conversely, at more extreme salinities where conditions are less favourable, the environmental diversity available to the isopods may be reduced, resulting in a reduction in the degree of polymorphism.
